While learning to walk, toddlers fall 17 times per hour on average while taking over 2000 steps 1 and falls are the most prevalent cause of traumatic dental injuries (TDIs). Approximately one-third of children experience TDIs to their primary dentition with the maxillary central incisors (65.7%) being the most commonly affected tooth type. 2 The various types of TDIs include concussion, subluxation, intrusion, extrusion, avulsion and fracture of dental hard tissues with or without pulp involvement. 2 Given the close proximity of the primary root apices to the developing permanent tooth crowns, it is highly likely that TDIs to the primary teeth can induce disturbances in the formation and maturation of the developing permanent successors. 3 Furthermore, it has been reported that the younger the child is at the time of TDI, the higher the likelihood of potential consequences to the developing successor teeth.
| INTRODUC TI ON
While learning to walk, toddlers fall 17 times per hour on average while taking over 2000 steps 1 and falls are the most prevalent cause of traumatic dental injuries (TDIs). Approximately one-third of children experience TDIs to their primary dentition with the maxillary central incisors (65.7%) being the most commonly affected tooth type. 2 The various types of TDIs include concussion, subluxation, intrusion, extrusion, avulsion and fracture of dental hard tissues with or without pulp involvement. 2 Given the close proximity of the primary root apices to the developing permanent tooth crowns, it is highly likely that TDIs to the primary teeth can induce disturbances in the formation and maturation of the developing permanent successors. 3 Furthermore, it has been reported that the younger the child is at the time of TDI, the higher the likelihood of potential consequences to the developing successor teeth. 4 A range of complications affecting the permanent successors following TDIs to their predecessors has been reported (see Table 1 ).
However, factors such as the age, spatial relationship of the teeth involved, force of the impact and the type of TDI will determine the nature and extent of the potential consequences. 5 Nevertheless, unusual sequelae may occur. This case report describes a case of an unusual consequence to a permanent central incisor following a subluxation injury to its predecessor.
| C A S E REP ORT
A 3-year-old Caucasian boy presented to the paediatric dentistry clinic with his parents following a TDI to his maxillary primary incisors. The patient, who was the only child to his parents, had a medical history that was non-contributory. His parents revealed that the patient had a fall at the playground. There was no loss of consciousness or vomiting following the fall, and there was evidence of bleeding from the gums when they presented to the clinic.
Extra-oral examination revealed a symmetrical face, straight lat- at the 6 months post-trauma appointment, teeth 52, 51 and 61 were not mobile and there were no associated abnormalities. Therefore, a 6-month review appointment was arranged, but he failed to attend.
At age 5, the patient returned to the clinic complaining of a loose tooth in the maxillary anterior region. The parents revealed that the patient did not seek either a dental consultation or treatment since his visit for TDI at age 3. Furthermore, they reported that tooth 51 exfoliated without any complications and the permanent tooth had erupted into the oral cavity. Clinical examination revealed the presence of tooth 11, which exhibited grade III mobility. Maxillary anterior occlusal and periapical radiographs confirmed that tooth 11 had inadequate root development ( Figure 2 ) and there was a clear distinction between the crown and the insignificant root structure of tooth 11 ( Figure 3) . Eventually, at age 6, the patient lost the crown of tooth 11 during his routine daily activities, and there was no radiographic evidence of any rootlike structure evident in the tooth 11 region (Figure 4) . Therefore, the patient was advised to attend regular review appointments to monitor the development of his remaining permanent dentition.
At age 9, a periapical radiograph revealed the presence of a small root-like structure in the tooth 11 region, which potentially could have developed from the remnants of the Hertwig's epithelial root sheath (HERS) of the 11 ( Figure 5 ). The remaining permanent teeth were on par with the patient's chronologic age, and in an attempt to preserve the alveolar bone for future tooth replacement, the root remnant in the 11 region was not extracted. Subsequently, at age 11, the patient exhibited further development of his permanent dentition with evidence of developing third molar tooth germs and he is currently awaiting commencement of a multidisciplinary management plan for replacement of tooth 11 ( Figure 6 ). TA B L E 1 A list of the potential consequences of traumatic dental injuries (TDIs) to primary teeth and its sequelae on the permanent successor teeth F I G U R E 1 Maxillary anterior occlusal radiograph of a Caucasian boy taken at the initial presentation (age 3) following a traumatic dental injury to teeth 52, 51, and 61 F I G U R E 2 Maxillary anterior occlusal radiograph of a Caucasian boy taken at age 5 when tooth 11 had erupted into the oral cavity
| D ISCUSS I ON
The risk of the potential consequences in the permanent dentition is well documented. [3] [4] [5] [6] [7] However, due to the variations in the study designs and presentation of results, it is difficult to make comparisons between the published studies. Nonetheless, it is apparent that the more severely affected the primary tooth is, the higher the frequency of developmental disturbance in the permanent succesor. 4, 7 Concussion and subluxation injuries are reported to cause minimal consequences (8.3%) to their permanent successors. 6 Tooth discoloration and subsequent pulp necrosis and infection of the affected primary teeth are the most commonly reported sequelae following subluxation injuries. 6 Furthermore, lateral luxation and subluxation injuries are reported to cause mineralization defects less frequently (10%-30%) when compared to intrusion (41%-77%) and avulsion (30%-52%) injuries. 8 Therefore, the present case serves as a good example to illustrate the severe consequences that can occur from minor TDIs in the primary incisors, and to the authors' knowledge, this is the first report of such an unusual consequence.
Approximately 66% of children who encounter TDIs to their primary incisors prior to age 3 experience the sequelae to their F I G U R E 3 Periapical radiograph of a Caucasian boy illustrating a clear distinction between the tooth 11 crown and the rudimentary root F I G U R E 4 Periapical radiograph of a Caucasian boy at age 6 following premature loss of tooth 11, note that there is no evidence of the rudimentary root F I G U R E 5 Periapical radiograph of a Caucasian boy at age 9 where a root like structure is evident in the tooth 11 region F I G U R E 6 Panoramic radiograph of a Caucasian boy taken at age 11 shows further development of his permanent dentition with evidence of developing third molar tooth germs permanent successors, and this risk is reduced to 24% if the child is over 3 years of age at the time of TDI. 9 It has been reported that discoloration and pulp canal calcification of affected teeth increase with time, while tooth mobility decreases with time, with the majority of teeth returning to a normal physiological state. 10 However, no such consequences were noted by the parents or expressed by the patient which may be a potential reason why they missed the follow-up appointments. Nevertheless, there is a significantly increased risk of sustaining multiple TDI episodes if one has already occurred. 11 Therefore, one should not rule out the possibility of additional minor TDIs to tooth 51, leading to atypical resorption and hastened eruption of tooth 11.
In the present case following a subluxation injury, tooth 51 exhibited early exfoliation, thus resulting in premature loss of the tooth 11. Partial or complete arrest of root formation is a rare complication, occurring in <2% of traumatized permanent teeth. 14 Management of subluxated primary incisors varies from no treatment (80.2%), splinting with or without relief of occlusion (9.6%), to extractions (9.2%). 10 In the present case, as the teeth had minor mobility (grade I, approximately <1 mm), they did not warrant placement of a splint. Furthermore, as there was no evidence of root fractures and/or resorption, extraction was not an appropriate treatment option. In addition, as the adjacent teeth also sustained mild subluxation injuries, no active treatment was implemented for the present case. Nevertheless, the present case highlights the importance of subsequent follow-up visits, which could prevent or limit the potential consequences to the permanent successors.
| CON CLUS I ON AND CLINI C AL IMPLIC ATIONS
The present case serves as a good example of early childhood trauma involving a primary tooth and the effects on its permanent successor. Furthermore, it illustrates that a tooth crown can erupt independent of its root development and subsequently continue its root development independent from the progenitor tissue complex of the dental papilla. This adds to the knowledge of the possible sequelae of traumatized teeth, which should be discussed with the parents following TDIs to primary teeth. Furthermore, it highlights the need for regular review to either limit or prevent such unusual consequences. Therefore, clinicians should emphasize the importance of follow ups to parents, advise of both the common and uncommon sequelae and be prepared to manage such unusual consequences.
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